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(54) METHOD AND SYSTEM FOR IMAGE DATA INTERPOLATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To magnify or reduce image data 
through interpolation by partly changing the sharpness of the 
image data. 

SOLUTION: A cubic spline interpolation operating means 31 and a 
B-spline interpolation operating means 32 obtains interpolation 
signal SC. SB from original image data Sorg received by an 
interpolation arithmetic unit 30. An adder means 33 obtains a 
difference signal AS of the interpolation signals SC, CB and a 
correction means 34 corrects the difference signal AS to obtain a 
correction signal AS'. An adder means 35 subtracts the 
correction signal AS' from the interpolation signal SC to obtain 
interpolation image data S'. A reproduction means 40 receives the 
interpolation image data S' and reproduces the data into a visible 
image. 
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[0025] With taking the mentioned circumstances into 

a method and system for image data interpolation capable of 
magnifying or reducing image through interpolation by partly 
changing the sharpness of the image. 
[Means for Solving the Problems] 

[0026] A first method for image data interpolation according 
to the present invention is the method for interpolating 
original image data presenting an image to thereby find out 
interpolation image data with different intervals from the 
original image data. The first method is characterized by the 
steps of: calculating quantity presenting the sharpness of the 
original image data by interpolation operation on the basis of 
first and second interpolation techniques with different 
sharpness from each other for the original image data; 
calculating interpolation image data by interpolation 
operation on the basis of a third interpolation technique; and 
correcting the interpolation image data on the basis of the 
characteristic quantity to thereby obtain final interpolation 
image data. 

[0027] As for the first and second interpolation techniques with 
different sharpness from each other, it is preferable that the 
interpolation technique corresponding to an image with low 
sharpness is B-spline interpolation technique and that the 
interpolation technique corresponding to an image with higher 
sharpness is Cubic-spline interpolation technique. This is 
because first differential coefficients are sequential when 
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combining both the techniques. 

[0028] The image data interpolation technique according to the 
present invention is not limited to the combination of the 
techniques. It is also possible to apply various interpolation 
techniques such as B-spline interpolation technique, 
Cubic-spline interpolation technique, linear interpolation 
technique, Lagrange interpolation technique or to optionally 
combine two of these interpolation operation functions. 

[0029] Calculating of the characteristic quantity or 
interpolation image data does not necessarily need finding out 
either as the calculation result using arithmetic expressions. 
For example, when executing the image data interpolation 
technique according to the present invention in a computer, such 
a calculation includes physical calculations such as writing 
the calculated characteristic quantity and interpolation image 
data into a memory of the computer 

[0030] It is preferable to use these interpolation techniques 
as the third interpolation technique and particularly to use 
any of the first and second interpolation techniques as the 
third interpolation technique. 

[0031] It is preferable to calculate the characteristic 
quantity by calculating the differential value between 
interpolation image data obtained by the interpolation 
operation on the basis of the first interpolation technique for 
the original image data and interpolation image data obtained 
by the interpolation operation on the basis of the second 
interpolation technique for the original image data. 
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[0032] It is also possible to calculate the characteristic 
quantity by: calculating a differential interpolation 
coefficient as the difference between an interpolation 
coefficient by the first interpolation technique and an 
interpolation coefficient by the second interpolation 
technique; and calculating the differential interpolation 
image data by interpolation operation on the basis of the 
differential interpolation coefficient for the original image 
data . 

[0033] A second method for image data interpolation according 
to the present invention is the method which applies the first 
method for image data interpolation according to the present 
invention particularly to color image. The second method which 
interpolates original image data carrying a color image to find 
out interpolation image data with different interval from the 
original image data is characterized by the steps of: converting 
R, G, B color signals carrying the original image data into 
sharpness signals and color difference signals carrying the 
original image data; calculating interpolating signals on the 
basis of the first method for image data interpolation according 
to the present invention for the sharpness signal; calculating 
interpolation color difference signals with attaching greater 
importance to stability for the color difference signal; and 
converting the interpolation sharpness signals and the 
interpolation color difference signals into the R, G, B color 
signals to thereby obtain interpolation image data consisting 
of the R, G, B color signals provided by the conversion. 
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[0050] The imaqe reproduction system of this embodiment not only 
outputs interpolation image data S' but also reproduces the 
interpolation image as being enlarged from the original image 
by expanding the arrangement interval of the interpolation 
image data S' so as to be the same as the arrangement interval 
of the original image data Sorg. 

[0051] A correction means 34 calculates a correction signal AS' 
on the basis of the value of a difference signal AS as the 
difference between the interpolation signal SC and the 
interpolation signal SB, and more particularly the correction 

means 34 calculates the correction signal AS' on the basis of 
a correction function as shown in FIG. 2. That is, when the 
absolute value of the difference signal AS is smaller than SI, 
the value of the difference signal AS is the value of the 
difference signal AS' as it is (As=AS' ) , and the absolute value 
of the correction signal AS' is lowered as the absolute value 
of the difference signal AS' becomes larger than SI, and when 
the absolute value exceeds a constant value, the value of the 
correction signal is 0. 

[0052] Since the interpolation signal SC is calculated 
according to the mentioned Cubic-spline interpolation 
technique, the interpolation signal SC is a signal for 
reproducing a sharp image with relatively high sharpness, and 
since the interpolation signal SB is calculated according to 
the mentioned B-spline interpolation technique, the 
interpolation signal SB is a signal for reproducing a smooth 
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image with relatively low sharpness. Accordingly, the 
difference signal AS as the difference value between the 
interpolation signal SC and the interpolation signal SB becomes 
larger at a portion with high sharpness such as an edge part 
in the image and becomes smaller at a smooth portion in the image . 
Thereby, by correcting the difference signal AS by the 
correction means 34 according to the correction function as 
shown in FIG. 2, the correction signal AS' is 0 or at a low value 
at a portion with high sharpness in the image and is at a larger 
value than the portion with high sharpness at the smooth portion 
in the image . 
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Yi + c w Y w +c M Y« (16) 

x k -x^ ra»=ss:»t hixitmmax. owm?— *■ 

40 y' &3H-3*OB;*:r?'f ^OBOiKJHC; (17) «c*sit 

k*i f b| , t> »j| • b|.i p 

[0 04 9] 



Y' -b|.| Yw +b» Yi + bw Yw +bn Yw (17) 



bk., - (-t' + 3t'-3t.+ l)/6 
b» = (3 t'-6 t"+4) /6 
b w - (-3 t» + 3 t» + 3 t + 1) /6 
bw = t'/6 

(diu t (o^tsi) aumM^ 1 1 u w*x 



50 



(fcttt&ia*-*-. ) 

350OiS{fcttMiR*S2ac7clc:ia5«*tL-c«fiK$tv 

&7t», ±sacubic xy 1 ?* ^siiatsack.,. c. 



(8) 
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i&^&&«>.&--*«^ ;.-^J| 

ffffcy— *s' (D&.mozmta&Em&LT'— *sorg ©ays 

|t 5 MR josses'** ^-c*kec«- a s ' 1> [ 

iifp-cfcs. ^{§^ASOje#fff*ss i ! 

|AS' OfiSEiU (AS=AS' ) % S&>&&*S<0&*t \ 



14 



10 



sot 



I 10 0 5 2] MRO<fl-*SCttJfc$L,fcCubic * 

|9. *Bra<s«-sBttJ-^ufcB^.^?w'virtriiatfcfc3s-^! ' 

•J *s c fc flnfflte^S B t o^fifiT*>«5^>fS-9-A s tcS 

I <h-9-a s «r*ME^a:Mi!:*iv>TH 2 ttSWftlEiaftlcjHK;' 
<o»«l^e*5tt^^S5»lc-p^r^xttO'^ ) u<tt(ftv^^c^:«: j; 



Riofc^affltgati/cw^jswcfe^—^Sbi-g 

«>l-. d<D£*ffl£nfcJ©Mf£v r — *Sorg ffei5fid«V3ffi 

[0 0 5 5] ffiHffi#»E30KA*$ixfcJ£GSt67 f -- ^ 
Sore tt. Cubic a-??* ^-fitrraiWSS^IWltJiVB^ 

^w>ffirajRjj^&32i;:Aa£#t5o cubic ^rt?w 



40 



60 



«^Ot0.2S,O.5.O.75.l.0 e&ffcPBt&diW 10fiS(Dl& 
■&»0. 1, 0. 2. l, 0<*>«-fft*i t <DfiS£ LT3tit*£*vc& 
WKBfiO-SC. S B*s#«>C,iT,5. Cubic 

B t tt^H^folflCif ©33K X/j S wO/HJj?^Bfe33 
«-*5V^*eiffl{g«-S C fc ttffflftr&s B t OJfe^MS-g-A S 
»SJ?mS*t5. Sffi$nfc2k#{g-§-ASttffiiE*&34U: 

Aasna. 

( O 0 5 6 ] MiE*»34|cA^ $*tfc:£2Ha*3-A S flS 
2 »=^i"M3ElfflScfC^£<SV>-r«ijEiitX-MfjE<S^A S' 

*i/h3t'>1>©£fe.o-C<^5fc«>, SBWe-^A S &|38| 2 IC 
as' tt. ISiilfe+ro|»iJiaE*sHV'««iJ5>liov^x«±ot)t 

10 0 6 7] '*fi]E*S34lc*>VTj5W$ixfc*lffifS-5-A 
S' »AlJ)t*gfc3S»cAA#H, «lrafS^sci:4ajEf39 
as' te?S5MS#t3JW*na. Uf, MPM39-SC 

»&»»T*>S'<&JW > fe©tt^|!113V^tt03 (a) <DgB 
^ B icgi-t J; p izvBOtiBK^O^ -fX^HSCofctcO 
t/ioXVNS,, -- 2f % UBiE^AS' ttE3 (b) jo-s 
i*J:?^ilSfil1»<D»SiffidtRVNai^- (@3 (a) (Oftfi)- 
A) K:oi>Ttt0t>U<»ev^ncJbD. to&Nm& 

^0^:<C•^-C^^5. Lfctfot; «illfl0-«-S CA»6>4ifilF-e 

S' tt, 03 (c) |r^-4"i;5ic x «iafS*SC«t>ci5» 

[0 0 5 8] *i^^40ttA^J*ix*:MiaED(itf r — ^ 
^f—r'mVLbtz^XisL A«J<D/W.fe<t^o!>gi5^ic 

[0059] &vN-e. *«^©!S2 <D3m&mz^x 
[0 0 6 0] Bl4tt*5g^oJg2<o^lS^<Slcj;$0te 



(9) 

15 

7) IC^it<S»ifi»b 

LTWmU w<0=&#*BR!J«S»d M , d k . d M , 10 
a « icS^-c*fiiatSi33t$r*f v\ 2^«iiaifsg-A s' 
(Cubic ^/^V-B^WV) worn*? 

[00 6 1J wCf, (Cubic ^T^-fi — B^^-f 

^) *fiKU«ii&:£&36fc::f3v^Tri, cubic -o-Jitiifli 
«fc, B*:/?^i'*llKg8W*2*: (17) ic*JO-54(fiBgfF. 

«&#d w . d k . d M . d„fcUX3JWU, CO 

b-i * d*, dirt » db*a lCsK"*3l'**C 20 

*v5%tBBf3-§-S C i: MfKHa-^S B t <Z> jftSMSS- A S t 0? 

[0 0 6 2) tfc*»oT» ^1RS(S€-AS' Sr^fiiE* 

lc*5V>-c*liBafS«-S C t HfliEfS«-A S' i: (D8£$H&&3J 
tfJ1-<5- &K.fc>K 35l<&g5i6»J!Bfc|SSl«Slc03 (c) 

fa^ft^stv, ^iKffle^Tfca^s&^Bicsstfsy 30 

[0063] 3& 2 ©XJ8?e©lCS3V^-Ctt, (Cubi 

SfttfJfctfJ 1 <035lfi^JlSlwti^3AlJX*a33fc$,Mt5to 

[0064] ±E$i 1 *i *t«B 2 <D3S16«l)Sfc:*5 
urdu *B3F.ig^-AS' SrCubic ^T'^-O'liDPflJSrJJ* 

fcWiliafH^SB|5:*tUX*n»Tr6J:5JcU-Cf>J;t\ C 

*fiIE^I634lc*>^T«V>t»ii5«III:§aftt UT 50 
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PJ2|Jlgrf tOfcttifiKl. ^Mg^-AS*fcttA 
S* <DfS^#*£^8B#K.O^-Ctt0 tU tt^Htt 

[o o 6 5 j &v^s *5§^cojb 3 (onm&m^^x 

[0 0 6 6] 05tt*«WO£3O3^^1lfiK±6piii{fe 
^-^*5ra^^«r35tti-5fc*<o*fiiaSii3SLHiE30<DlSjS 
Sr^-Tl2£l-Cfc5o @2 tcjsv>-ctt. bJilr.q«Lfc 
H^-^iilttSSElO, SD«feAya|JfiE20j8j:im±*a 

30tt % J^BtfiSl^— *Sorg K!OV>T^*iroi^gii)mnRc1lB 

siji^vB^T'w^raww^^i. hoboes c 

C , SB' «r»5«6iE^gk34' *B3E*BlfH{i?-S3-S 
C' Sr*lijE*!nigfi«-SB' l=*9 8!fUXlSS^<a^-SD5& 

t, *6JIH33-SD' SrffiB8fS«-SL|cjftU.S5ftJJ^e50 
[006 7] WH^SSi' tt, 0 6 fc^l-J; p *«!jEBI 

[0 0 6 8] »»gift38Hu IffljEffiniHa^-S C SrttJF. 

ffiirais-g-s b' ^cJ:»)B!!U•cB»J3if^«•sD4■^a 1 b<o'c , 

CiT?, *&fHte-8-SCttJii£UfcCubic ^'7^f 
|!tim-§-S BttiiELTiiBX^W* V«8raSfe»-2S-^V^3J 

ttt&ss lSig<0<><Df:>fco-rv^. 
[0 0 6 9] SSiK^^39|±»3Stm^-SDIc2fi^v^ *fi 
IBIfSS-SL^rMjEi-afcfeO^JjEfg^-SD' 

OflD^llCiSVMSJfliD VJ^V^ififcfeD, MOMS* 
S D05fiK# 1 X *> trMl^ 1 £ *> V«fittt <tS X 

[0 0 7 0] »»c x 3g3©35Jaj&IS(Df^ffl|-oV>T8(llH 
[007 1] *&B8ift3Jg5B30lcA2J ^tvfcJ^Bs^-^ 



(10) 
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Sorg fi, Logurange -fittK!j853?^81:37, Cubic ^T*'?^ 
X^J$H5. I^iRiirsnge ffiBB&'J* : JMS37lC:i3V , »TttUgu 

2^v^rifflE$^Tffl3E4SBB{3^sc' , sb' 

ZtlS. *6jE*tH<S*S C . SB' W85#^S38K:A 
BftJJfS-g-SD l-SC /SB' &$S.tH£tl 

* 1 J: ►> /hS v miEfire- S D' *s»m * ttS. 
10 0 7 z J fluEf&^-SD' »43le»^K6oiriBi.N-r^ra 

liters*** <*9» *3s»«ife*sit»fl?)?5v^i>li 
mHa#-SLK*BjE<g#-SD' &JfeJ3ti-SCtirJ:9^e» 

[0 0 7 3] roj:5Jc3l3 0^1S)gffi»c*5V>-ct. ff 

r> ^XfWtWSZtttt&imiW ffr & *»<efia* <$ i: -o x v 

[0 0 7 4] fc*5, ±ffiS53 0^»JBIglc*SV-X»4, tili* 
R=Y+C2 

G=Y-0.194XC2 -0.CO9XC 
B-Y+Cl 

«63JB;*7'?W>*gto8SJp£&32' KUs^Ttt, WjfcK 
»W¥9 - 9 3 4 2 6^f8lMfoj£3*xT^.5 ± 5 jr. s 
JaffiLfcflrfflKSRcw. c k . c M . ewis^V 
*8B8#8cb M . b.. b*,, b«&, (20) 
~ (33) KUhjSioT, JStiBiftr— *Y M , Y» s Y * 
»m- (t — a) Ct-i+ab,4 
= { (2 a-3) t'- ( 



ISDH 2 ? 1 1-1 6 8 6 2 1 
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[0 0 7 5] fc^T-. *56^(OfB4<0|?i6)g(|g|c:-ov>T 
10 [0076] 0714, *5B5H<0SR4O5feS6«l|g|cJ;4BI 

fcsf&^-^ats&iaio, wfiifisfisisKots^vwdt^ 

«r3J-rRGB<Ofef3«-SrT«aS: (18) fCSEoT. YCC 

Y— 0.299X1* -| 0. 587XG+0. 1MXB 
20 C 1 =-0.299XR-0.587XG+0.88CXB 

C2-0.701XR-0.587XG-0.114XB (18) 

2Eft^©si »c J: ►> ^ 6>*v«: Y c c JsHKfe£gfa ? *»JK 

ra*w£f§^Yc&#»sa»3flcubic ^T'y-r ^lififmrAjj 

t s Wffi^-?-Y|r.ot'»Tai3lB^5'?'f ^*UK8 
ttil-- J: ftttflMOflrey Bfe*je»a»3«B^7'-7^ >M 
KJRJ!t*B£32 / fc. fe^fS^C l*siVC2»coV--CB 

^^t?^f >*irajfeicj:»)*oiraf&fgfS9-ciB» C2B^ 

30 Ct«rB«aWtfS«-YBt<026^fiaTfc5S»15-§-AY?fe 

JfffcH' fc. *fiHQ*aSEe-9-YC*»6,^iBE^AY' «r« 
^LTl»BHI«HKHfil5*— ^Y' *ft*im&SQ&' t. 
YCC*we&Sfgs-sr>|E*; (19) icfto-c, rob£ 

[0 0 7 7] 



(19) 

RtK?i8c»w. a M , ak, a kl , awSrStiii 
[0 0 7 8] 



3a-6) t 1 



(20) 



(11) 



#WPFl 1-1 6 8 6 2 1 
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a* — (1— a) ci + abk 

= { (9-6 a) t'H- (9« 
+ (6-2o) J /6 
a w -= (1 — o) cw + abM 

= { (6*-9) t'- (9» 
+ 3 t + a} /6 
a m = ( 1 — a ) cu + tbw 

- { (3-2a) t»+ (3a 

sfcfflB^^vffiKiRB^a^' u-.*;^t 

ifiSroB^7''7'f >*tiE3i2;icJ:»)^&*t<5BirtfeJ: 0 

[0 0 7 9) 0:1c. JK4©3Q6JBJS<Df1s^jcov>-caW 

10 0 8 0) JgEHfeir— ^ Sorg tt, ^i"® l Offijft^ 20 
SSHcAaSfU R. G, BO^fifg^ttflfjajOa: (1 
8) »CJ:*)flIflEfeffee^YCCIcK»**v>> 0 tog, 
*ESE(S3-YliBi3!Cublc >iiBlfliifc3?:pS3l' *s 

[0081) %3Sciii»ic ^r/v-f vtt«NMff*ift3i' *s 

BEfc^-Y|r.»LT±iBL*:3C (20) ~ (23) \C 

a ^ JsLK^ 30 
fSaS^v^TttfCJj»WWffcii*B|}IIJW!E<§^-YC, YB 

a*fte>Jts. — b^^9>t :^ira&jjc:£&32U:33v<' 
rt±, ±3as5icosteJiS}gffii®«jcB^7'5>-f >--fflHua: 
tea&-s< WiiajjS5S3t*sff ^raasfs^c 1 b. c 2 

I0082] Mfianygm-f-Yc. YBtttonr&xs' s 

fcitfC 2 B Ji^^tiiS 2 Offi»^©52(CAyj S tt. 40 
Z.<r)ft2f>mgi&®.S'?.\z.t3\,^xmm<D*. (19) ir.j:9tt 
Rflfim-S-R' . G' . B' fcUft&iS. 
10 0 8 3] wO«raSI3Ht3S|fi30|c*it>-cf^c,i%&*|jPJ 
fcfSS-R' . G' , B' HtliliraMte-r-^S' tjSfti 
<&ftfS5-T?fc»K flfflHSRtfc^-^S' tt^ffe^&lOlcA 

[0 0 8 4] ^©^^(CSP^OSgfSJBISKlJiJV^tt. Jfc 

ffif33>Yic»Lx±a» i <omm% t ia)«<&Misoia# 



-15) t' 



-12) t* 
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(21) 



(22) 



-3) t'} /6 (23) 

<S^;£ffle,*»<2Bli{fcfc&-5. — ^ v fi^Cl. C2 
gEiRaoMW^ttir.J: t> RGB^&lS-S-lcovvc^JVp 

SOfi«i a ii.5Sr^C6Cfcis<e<^. AtfflOtt 

i i: S t k t> Jc, A»0>M.ft* fc'«*>QS#|-'3tN-C 

•6. 

[0O8 5] <t*s % J;SaSB4 0>S51tjflg©K:33^-cr^ -14$ 

7<f>HBllflfi5#spJ8:32' »CJ;»>««e*Y«c>tL-Cffira 
RJJSrff-o-cvaas, ±ffi»l <03tlfe#ffii:©BJ©04>i 
c ^^?-f >4DTOSSJ?^eS3li*ttfBxr7-f>*fil!3iiJi 
S^S32fc*»>*&re&&#&t7oTfcJ:<» JU2(D3eS&e 

[oo8 6] £*u l^fc^s^stete^tfii'^v" 

Xf±, Cubic ^^•7-<>'*8B8lKfit^8»l»J:O t BA-7 r 9 

■o*DrajRjJ5 : -8S32a!>5V'«tt (cubic xr5<r>-B» 
t'K •j$4«o3ite^©oj:picjai l ascubic ^^?^>iflin 

») JSlSSiJly— ^ Sorg »c« L-C*tilffljSir£ felToTt) 
[0 0 8 7] $?>K. % ±S»4<^)^gjSlClSW^|l. 

S3i' »c4Bv^aa$ix*:Mnn«Msra-*Ycir.»ux^ 

at33B^7'9-f ^*fitffltiitjf*e32' fc*J 
[0 0 8 8] SU<osUJ&j&lBfc*jt%Til. SSetfe 



(12) 
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tK Lab, l u v$$x~&£ti&mz&£&%-&m^x 

[0089] <CJ3, *|5JS?gfll»ca3V>Ttt. ffiiajiSJIS 

9 am v vs j&mx-tb-* x t> £ v \ 

[SB3©f5|liifeSi9i] 

[01] *«W©»l<035iS«flB»cJ:5EIffif f -^«i|g 
[132] 

[S 3 ) 3P l OStiiS}gfiS<OAllJJ^BJ35|c*JV">Tf7*>n^ 
[124] *«M<o»2(0551S®lliicJ:5Sfei-y r — ^rffiRB 

[BIT] *«WO?g4OSfeMi0©|ca:*iSfiK^— ^ffiia 
SfeEWtRffi.Sr^-t-y o sr 9 0 * 
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* [BIS] «}K<D. ^&0l&©J?a^T-1^:7^ ^£ ^1 ,fc_ 
A■IWc^J$;h,fc■'.^:✓7 r y>^' ^ jg (es^O ©fiagflCfcy 5- — 

[^©awi 
20 to"{*4aais5E 

31 cubic ^T'^rf.^MPJiStJJ^S 

io 31' &3$aibic x-rv* >*mi$i&&gt 

32 B^5-f VffiWli«S?^S 

32' B X^ W V*B|8jffitt*8S 

33, 35 JD0##& 

34 MTE^S 

36 (Cubic ^^I'-B^^y) ffiEHRJJ* 

38 MOWR 

39 AW?*!* 

20 40 vn&pft 

so sm^-wt 



[ran. 



[02] 




Sao 



[CS4] 
31 



(Cubic JT^O-BDTW?) 


As- 







[03] 



(a) 



(b) 



(c) 




AS 



(13) 
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